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M a n u s c r i p t for 1000 min before the sample was ramped to the desired water activity. The mass at the 166 end of this step was used as the dry mass. The sample was then exposed to the following 167 water activity (a w ) (0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80 and 0.90) using a 168 special automatic operation method with dm/dt (change in mass/time) mode. The dm/dt 169 criterion was set at 0.001% for five consecutive minutes and the maximum amount of time each sample due to the small sample size, moisture uptake was measured by weight change 246 and is given in Table S1 (see supplemental material). The distribution curves showed that T 2 247 long is reduced in acylated starches and that drying and subsequent storage of the starch 248 granules further reduced T 2 long. As the distribution from the CPMG decay ( Figure 4) does 249 not enable an accurate determination of the T 2 short and long values, the original data was 250 processed by Igor software with a double exponential fit to obtain T 2 values with better 251 accuracy. Using Igor software two distinct T 2 time constants could be discerned (Table 2) As the CPMG sequence did not allow detection of the very short T 2 component (solid 265 matrix), the FID was used to obtain more accurate estimations of these fast-decaying 266 components after 6 month storage (Table 3) within modified HAMS is also evident in the G of the four starches (Table 1) . 319 interactions, as evidenced by the changed NMR profiles on starches that had been pre-322 exposed to heat (100°C/2 h) before storage at various a w , using both the CPMG and FID. 323
Using the CPMG sequence, the dried starches had shorter T 2 long illustrating an impeded 324 ability for water to interact with the starch components ( Figure 4, Table 2 ), an effect that is 325 evident after six months. This effect is most pronounced in HAMS while modified HAMS was 326 affected to a lesser degree, suggesting that acylation reduces mobility changes on storage. 327
Confirmation that mobility was reduced in acylated starches was obtained with the FID 328 investigation (Table 3 ). Others have shown that chemical modification through cross-linking 329 (Liu, Ramsden & Corke, 1999 ) and acylation of starch alters its mobility and decreases 330 retrogradation (Adebowale & Lawal, 2003; Lawal, 2004) . 331 332
Relationships between physio-chemical properties and factors affecting starch 333
digestibility. The interaction between water and starch, measured by DVS and NMR are 334 related. The equilibrium water content (EMC) (Figure 3 ) and T 2 long (Table 3) are linearly M a n u s c r i p t Page 16 related (but not significantly; Pearson correlation = 0.938, P-value = 0.062) ( Figure 6A ), but 336 not the multilayer water content (EMC less M o ) (Pearson correlation = -0.693, P-value = 337 0.307) ( Figure 6B ). T 2 long has been previously found to be correlated to multilayer water 338 and inactivation rates of encapsulated bacteria (Hoobin, Burgar, Zhu, Ying, Sanguansri & 339 Augustin, 2013; Ying, Phoon, Sanguansri, Weerakkody, Burgar & Augustin, 2010). A similar 340 correlation is not observed in HAMS and modified HAMS, possibly due to the heterogenous 341 structure of starch and differences in particle sizing impeding a straightforward model of 342 water interaction. In this work, HAMSA, which has the largest mean particle size and total T 2 343 signal, had the greatest digestibility followed by HAMSP, HAMSB and HAMS respectively. 344
345
The relationship between the measured physio-chemical properties (i.e. particle size and 346 water relations) and starch digestibility in disrupted granules is complex. Others have found 347 that amylase digestion of starch was reduced as particle size of starch granules was 348 increased (Dhital, Shrestha & Gidley, 2010) . They further suggested that digestion rate was 349 essentially determined by external-surface area for potato starch. However, in maize starch, 350 digestibility is often larger than predicted from external surface area, due to the 351 contribution of surface pores and channels to the effective total surface area (Dhital, 352 Shrestha & Gidley, 2010) . 353
354
The observed effects of particle size and the lack of correlation of mobile water (long T 2 ) or 355 fatty acid chain length with starch digestion, suggests that other factors have a more 356 significant influence on digestibility of acylated starches. This lack of correlation between 357 fatty acid chain length (i.e. hydrophobicity) is contradictory to studies in α-amylose 358 fragments, which found both glycosidic linkage conformation and hydrophobicity to be Importantly, current findings suggest that while butylation of HAMS may aid in delivery of 376 butyric acid to the lower gut (Clarke, et al., 2011) , the structural packing of HAMSB is not 377 optimal for bacterial degradation. In contrast, HAMSA adopts a more open structure and is 378 more readily digested suggesting that mixed acylation may produce a more accessible 379 starch that will better function as a delivery vehicle for butyrate. 380 381 M a n u s c r i p t Page 19 M a n u s c r i p t Page 21 
